INTRODUCTION
Mass transit provides critical transportation services, in the form of speed, flexibility, and accessibility to meet a wide variety of user needs throughout the world. For over a century, these services have supported an urban way of life. To continue to accomplish its important social role, we have to address environmental issues and factors beyond mass transit's control. These factors potentially impinge on mass transit, making it vulnerable to reduced performance, limiting its ability to provide benefits for which it was designed. The benefits, discussed below, include environmental quality and energy conservation, speed, and safety, all of which contribute to human health and safety. The factors that impose vulnerabilities and obstacles
HEALTH AND SAFETY BENEFITS OF TRANSIT Environmental Quality and Energy Conservation
The primary human health benefits of transit are related to air quality. Air pollutants from transit are not generally emitted where the service is consumed unlike other modes of travel, in particular, auto travel. In 2002, transportation (other than transit) accounted for 82% of total emissions of carbon monoxide, 56% of nitrogen oxides, 42% of volatile organic compounds, 12% of lead, and under 10% each of sulfur dioxide and particulate matter emissions. 9 These substances are regulated under the U.S. Clean Air Act National Ambient Air Quality Standards. The health effects of air pollutant emissions, such as particulate matter, have been long associated with a variety of respiratory problems, 10 and more recently with myocardial infarction.
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In contrast to auto emissions, rail transit emissions occur indirectly at electric power production plants providing electricity for electrified rail lines. Direct emissions at the site of transit usage occur where diesel locomotives are used (primarily for longdistance transit). Shapiro, Hassett, and Arnold 12 estimate the direct environmental benefit of transit in the US as reducing annual emissions of volatile organic compounds by more than 70,000 tons, nitrogen oxides by 27,000 tons, and carbon monoxide by 745,000 tons. In addition, carbon dioxide reduction is estimated at 7.4 million tons per year. That is, "Moving a person a given distance by public transportation produces, on average, only about five percent as much carbon monoxide, less than ten percent as much volatile organic compounds, and nearly half as much carbon dioxide and nitrogen oxides, as moving a person the same distance by private automobile, SUV [sports utility vehicle], or light truck."
12 These air quality benefits imply considerable health benefits, documented extensively in the U.S. Environmental Protection Agency air quality-criteria documents accompanying National Ambient Air Quality Standards.
Transit uses less electricity than vehicular travel on roadways, whether one measures usage as total energy consumption or energy efficiency (intensity). In 2003, transportation overall accounted for 27% of the total US energy consumption of 98.2 quadrillion British thermal units. 13 Highway transportation has in the past (1997) accounted for 82% of this portion and rail only 2%. 2 In terms of energy intensity, in 1998, British thermal units per passenger mile averaged 5,255 for automobiles, sport utility vehicles, and light trucks and in contrast, transit used a smaller amount, ranging from 911 to 1,612, for heavy rail, light rail, and commuter rail. 12 Fuel consumption in the form of gasoline for private vehicles amounts to more than ten times what transit generally consumes.
14 Implicit in lower energy consumption by transit relative to private vehicles is lower emissions from power generation to supply that energy. In interpreting energy utilization figures for transit on a per capita basis, it should be kept in mind that these computations are often made for transit vehicles that are not fully occupied, which overestimates per capita energy use.
Speed
Transit is designed to provide higher speeds and hence shorter travel times relative to comparable private vehicles, and as indicated below, with a better safety record. Given estimates for mileage covered for a 30-minute travel time, 1 "regular" subway and commuter rail service distances are at least comparable to the private car traveling at the "normal urban speed limit;" and regional express trains travel 22 miles and the Metroliner (one of the northeast high-speed rail services) averages 45 miles 24 ZIMMERMAN compared to a private car which covers an average of 27 miles traveling at 55 mph. Periodic studies of automobile congestion repeatedly confirm the increase in travel time, hours of delay, and cost as a consequence of congestion on the nation's roadways, and this condition is growing. 15 Moreover, many studies have shown that health effects such as stress are prevalent among automobile users especially under conditions of road congestion, bottlenecks, and associated delays. 16 For example, road rage and aggressive driving have been attributed in part to the act of driving, taking into account drivers' personal attributes, driver behavior, and other nonroadrelated environmental conditions and the different definitions of stress used in these studies. 17 Thus, transit's higher speeds and shorter travel time, further reinforce the benefits of lower emissions, energy use, and potentially less stress for a given speed and duration relative to automobile travel, especially when road congestion occurs.
Safety
Transit has a very good safety record for passengers, reflected in patterns and trends in the United States cited by the U.S. Department of Transportation:
1. While passenger car occupants accounted for almost half of transportation fatalities (47%), heavy rail (subways) passenger trips accounted for a fraction of transportation fatalities-less than 0.2% and light rail less than 0.1% between 1999 and 2001.
These patterns and trends are impressive considering the greater speed on average that transit usually provides relative to automobile travel, as noted above, though problems posed by at-grade crossings may be an exception.
These observations generally hold true in countries other than the United States, for example, in Canada, transit accidents are about 5% of the rate for automobile users. 20 Yet, when accidents do happen on rail systems, they are highly visible and can undermine public confidence. A single crash involving transit tends to involve more people than single car accidents, and transit passengers have little control over the vehicle, unlike private vehicle operators. The risk perception literature shows that individuals fear and overestimate risk of activities they do not control. 21 Thus, public perception of the relative risks of transit and auto travel need to be addressed to take full advantage of transit's safety record.
VULNERABILITIES Physical Condition and Its Implications for Health and Safety
The condition of transit systems and the lack of investment to support regular upkeep dominated public transportation policy debates for many decades. "State of Good Repair" is used to define a standard for all infrastructure conditions. The American Society of Civil Engineers 2003 scorecard for the Nation's infrastructure noted a decline in the condition of transit systems (by an unspecified amount) from its 2001 grade of C-, though the roadway condition was ranked slightly lower (a D+ grade).
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The Federal Transit Administration and American Association of State Highway and Transportation Officials estimated the cost of maintaining existing transit condition as ranging from $14.8 to $18.9 billion and $20.6 to $43.9 billion to improve transit condition; the estimates for maintaining and improving roads (not including bridges) are many times larger than for transit, however, estimated in the American Society of Civil Engineers scorecard by American Association of State Highway and Transportation Officials and the Federal Highway Administration as $75.9 to $92 billion for maintaining condition and $106.9 to $125.6 billion for improvement.
Age of transit vehicles is one factor often associated with condition. Average age of rail passenger vehicles has increased slightly between 1985 and 2002, and the average age of commuter rail self-propelled passenger cars has more than doubled between 1984 and 2002. 23 Age is not necessarily a clear indicator of condition, since it does not reflect renovations, does not necessarily mean that vehicle design lifetime has been exceeded and does not reflect the age and condition of track that may be more significant for safety. Nevertheless, increasing age points to infrastructure and investment levels are not keeping up with declining transit condition, and greater caution in operating procedures.
Improving condition will also improve safety. When safety improvements are made together with other condition improvements, the combined cost of both improvements is likely to be reduced.
Security
Security is a key vulnerability for transportation systems and is an important public policy issue for transit, since transit is a tempting target for terrorism and sabotage. Experiences outside the United States point to US transit infrastructure security needs. The Mineta Institute chronology indicated that between 1920 and 1997, 631 security attacks occurred on public transportation, primarily outside the United States, and 27% of these involved subways and trains, 13% involved stations, and 8% involved rail. 25 For all transportation systems, not only public transportation, U.S. Department of Transportation estimated in 1998 subways accounted for 1% of the attacks and rail accounted for another 10%. 2 According to the Mineta Institute study, attacks on transportation tend to be concentrated in a few countries, primarily in India and Pakistan, 25 which may be a function of the prevalence of terrorism in general there and the attractiveness of transit as a terrorist target given the very large number of users of these systems.
Historically, federal critical infrastructure protection policy has emphasized physical and cyber threats to the infrastructure, rather than biological, chemical, and radiological contamination that impact public health. Yet, these threats warrant attention because not only can such attacks occur on transit but also transit can be used as a weapon of mass destruction with biological, chemical, and radiological agents. The 1995 sarin attack on Tokyo subways was a wake-up call to such chemical threats. The possibility of such attacks that are more sophisticated and involve extensive planning could produce far greater consequences. According to the Mineta Institute chronology, chemical or radiological attacks comprised approximately 1% of the attacks over the 1920-1997 period. 25 Once a chemical or other toxic agent is used in an attack, especially in older underground transit systems, the configuration of the transit system is often such that dispersion of contaminants can occur rapidly and magnify the consequences.
Transit nodes and links are especially vulnerable to attack. Links are highly distributed track networks, and nodes are centralized locations such as power supplies and control points, stations, signaling points, storage facilities, and maintenance yards. Nodes, such as stations, are vulnerable because of high concentration of people there. Links, such as tracks, are vulnerable if they are single, branched lines, because a single break will impair large parts of track for service.
The vulnerability of transit to attack is not limited to incidents in which public transportation is the initial target. Electric power system failures can disable transit. Nearby water, oil, gas, and chemical pipeline and storage facility ruptures can also intrude on transit's ability to function. These environmental factors external to transit systems potentially pose critical threats to transit viability and to the health and safety of its users.
The External Environment
The response of public transit systems to one type of threat provides lessons for other types of threats. Thus, experiences from natural hazards and accidents provide lessons about the consequences we can expect from terrorist attacks. This perspective is typically called an "all-hazards" approach and has been formalized for national security response in the National Incident Management System. 26 The impact of accidents and natural hazards on infrastructure upon which transit depends can be substantial, depending on the type of infrastructure affected. Water impacts can occur from distribution system breakages, weather, and hydrologic conditions. Electric power impacts include electric surges that can affect the integrity of metal components, electric power lines falling on tracks, and underground fires and exploding manholes in electric power distribution systems. Transit systems can also be impacted by other transportation, for example, from vibrations from heavy vehicles on roadways above or next to transit line and corrosion from chemical contamination such as salt from snow and ice removal. Each of these environmental factors has dramatically different effects and each can potentially undermine the system's reliability. Examples are given for the effect of water, electric power, and information technology on transit systems.
Water A common source of water inundation of transit systems is from water distribution system breakages or leakage. Other sources include excessive and sudden rainfall (such as flash floods) and high-water table. The NYC Mayor's Management Report of 2004 cited breakage rates in NYC of between 500 and 600 per year, and in fiscal year 2004, 607 breaks were reported citywide. 27 Water accidentally released or leaked from distribution systems is called unaccounted for water or nonrevenue water, and a benchmark for most urban areas is about 6%, with developing countries typically having higher percentages. 28, 29 Both underground and aboveground transit lines are vulnerable to inundation from the accidental release of water given the historical proximity of water lines and transit tracks. Underground tracks are typically below water mains, so they act as drainage paths for accidentally released water. The degree of impact depends upon how fast the water can be removed and what other systems necessary for train operations are affected, in particular, electrified rail, which inevitably has to be shut down for safety reasons during a sudden release of water. The ability to manage a water problem once it occurs depends on how fast pumps can be obtained and deployed and the ability of drainage systems to accommodate the additional water. New York City has a large (several hundred thousand gallon) pump and according to the Metropolitan Transportation Authority has 301 pump rooms with the capability to pump 17 million gallons of water per day. 30 Water main breakages have routinely caused the shutdown of subway service for extended periods primarily because tracks are flooded or electric power has to be shut down. Some dramatic examples of events that have occurred throughout the country reflect the vulnerability of transit to water intrusion and are given below. 5. On February 7, 2000, track supports were undermined because of a break in a 36-inch water main under the Chicago El, causing service to be interrupted for a day as a precaution.
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Electric Power Electric power is a key resource for transit, since it consumes large amounts of electricity, and outages make transit vulnerable. According to the Metropolitan Transportation Authority, NYC maintains 524 power facilities, estimated to be sufficient to power the City of Buffalo, NY, for one year. 35 The NYC transit system once had its own power substations, 36 but since 1959, relied on Con Edison for electric power and outages in that system can affect transit. Examples are noteworthy of how power outages have affected transit in NYC, where transit use is the highest in the country:
1. On August 14, 2003, a massive electric power failure affecting 50 million people in the United States and Canada resulted in widespread stoppages in transit systems, including the NYC transit system which was halted for about a day. Other parts of the country have had similar problems:
1. Between December 13 and December 15, 2002, a series of storms disrupted BART and other transit service. On December 13, a power failure shut BART service in the San Francisco Bay area, between the two stations of Richmond and El Cerrito Del Norte. 39 On December 15, also in the San Francisco Bay area the same weather problems caused a tree to fall on the lines, and this disrupted service on the Pittsburgh/Bay Point portion of the system, until the 28 ZIMMERMAN tree was removed. Delays on BART were also experienced because of continued bad weather. 40 2. On December 8, 2000, in the San Francisco Bay area, 17 of 57 transit trains were closed for a half a day by a power outage at rush hour, and many trains were stuck in tunnels. 41 3. On October 8, 2000, the Chicago Transit Authority suspended train service because of an electric power transformer fire that shutdown its signaling system.
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Information Technology Transit is increasingly dependent on information technology (IT). Automated train service is increasing. For example, the BART system has been computerized for some time, the JFK air train is automated, 43 and more trains are slated to become computer operated in the NYC system. 44 Information technology provides considerable benefits for health, safety, and security by improving transit performance at all levels, detecting malfunctioning components before they occur and providing transit users early warnings of adverse conditions, for example, such as those posed by water or electrical problems, so they can avoid exposure and reduce consequences. Given the considerable benefits of IT, reliability improvements are needed to avoid IT-initiated service outages. Although IT offers many opportunities for improved service, the vulnerabilities associated with automation if computerized control systems fail should and can be addressed to avoid or reduce such vulnerabilities. 45 At the present time, manual control often compensates for automated control systems. For example, in New York City when a fire disabled a critical switching vault in January 2005 controlling the A and C subway lines, manual resetting of signals allowed some capacity to be restored almost immediately.
Equity Issues: Access and Affordability
Equity shapes many of the health dimensions of transit, and environmental justice is one aspect of equity. Federal policy defines environmental justice as "the fair treatment and meaningful involvement of all people regardless of race, color, national origin, or income with respect to the development, implementation, and enforcement of environmental laws, regulations, and policies."
46 Human health and safety have been identified as critical environmental justice concerns. 47 Equity issues in transit systems arise when certain population sectors needing transit services do not have an equal share of them by virtue of where the users live, whether or not they are able to access or afford transit services, or have available a sufficient amount of such services. A related issue is the relative level of investment in transit in ways that benefit low income or disadvantaged populations, that is, whether or not all sectors of the population are getting an equal share or their "fare share" of the investment and its benefits. Hodge presents two geographically based approaches to evaluate these equity issues: how public transportation accesses different kinds of land use (and hence, different types of users) and how public investment in transportation is distributed across different sectors of the population. 48 The lack of availability and access to transit makes user populations vulnerable by encouraging them to resort to other means of transport that can compromise health, for example, greater dependence on automobile travel and ownership of older vehicles. 49 One way to address problems of differential access to public transportation is increasing the total amount of transit services available. Many trends point to an increase in the amount of transit services coming on-line. The latter part of the 20th century saw a dramatic increase in the number of new rail systems and an increase in the mileage of rail nationwide and the number of rail transit stations that potentially increase access (increasing by almost 20% between 1990 and 2000 and 7% between 2000  and 2002) . 50 Overall increases in facilities, however, do not necessarily increase accessibility for those in need.
CAPACITY TO RECOVER
A critical factor in maintaining public confidence in transit after a failure is the system's ability to recover after a disaster. The post-9/11 story in NYC illustrates some of the lessons learned about how transit systems recovered from the terrorist attacks. 51 The overall sense is that the transit system in NYC performed extremely well during and immediately following the attacks on the World Trade Center, though some service was not available in the hours immediately following the disaster. No lives were lost in the subway system, because managers and operators used an "allhazards" approach to emergency preparedness-they used their experiences with other disasters. 52 The notable performance of the system occurred even though a length of track was disabled, one station was demolished, and many others were severely damaged. After an initial shutdown of the entire system, service was restored in a matter of hours on the same day of the attacks. More long-term recovery, however, has taken far longer, but at least transit riders were provided with alternatives in the short term.
What contributed to the ability of the NYC Transit system as well as surrounding commuter and long-distance rail lines to recover so quickly in the near term given the scale and unexpectedness of the disaster? Four factors explain this-flexibility in routing (rerouting of trains away from the area after the destruction), the ability to access and use alternative transportation modes (such as ferries and buses), the implementation of mechanisms to reduce consequences of disruption by removing passengers rapidly from stalled trains, and the ability to draw substantial new resources to rehabilitate the system quickly. Whether this relatively rapid recovery is unique to NYC is an important question, and one that requires more comparative research into the relative recovery of transit systems that have been destroyed or damaged, by terrorism and nonterrorist causes.
CONCLUSIONS
Transit has been generally designed as a robust and resilient system, that is, it is potentially resistant to or can recover quickly from adverse effects of external factors beyond its control. Consumers of the service, whether by choice or necessity have availed themselves of the services transit provides, and US ridership in 2002 stood at 9 billion passenger trips. 3 Yet, many factors potentially threaten its important role in protecting the health and safety of the population, namely, general lack of improvements in condition within older systems, the impacts of water inundation and electric power outages, the potential for security breaches, and reductions in the availability of service to certain population sectors as a consequence of equity issues. Transit recovers from crisis in innovative ways that serve as lessons for the management and design of transit to prevent or reduce unhealthy and unsafe conditions that may arise from terrorist attacks or natural hazards. To react to catastrophes proactively, transit policy and planning need to incorporate lessons learned from previous catastrophes as well as strategies to reduce external factors impeding transit operation. A fundamental obstacle to greater investment in and use of transit and the realization of its benefits is that individual choice of mode of travel generally is not consistent with public support of transit-individuals generally will choose other modes of travel over rail transit. 
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